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Noninvasive Measurement of Coronary Artery Blood Flow Using
Combined Two-Dimensional and Doppler Echocardiography
KENJI FUSEJIMA, MD
Chiba, Japan
Noninvasive measurement of left anterior descending
coronary artery flow was attempted in 20 normal sub-
jects and 80 patients with cardiovascular disease (val-
vular heart disease in 34, ischemic heart disease in 26,
cardiomyopathy in 15 and other diseases in 5) using
combined two-dimensional and Doppler echocardiog-
raphy.
A tubular structure about 2 mm in diameter con-
taining Doppler flow signals was identified in the anterior
interventricular sulcus in 7 (35%) of the normal subjects
and 40 (50%) of the patients with cardiovascular disease.
The blood flow within the tubular structure exhibited a
biphasic flow pattern, consisting of systolic and diastolic
phases with higher velocity during diastole. The highest
velocitieswere observed in early diastole and, in several
cases, a small peak was detected during the atrial con-
traction phase. On the basis of its spatial orientation and
characteristic flow pattern, the tubular structure was
identified as the midportion of the left anterior descend-
ing coronary artery.
In a number of cases it was difficult to detect the
Recent advances in two-dimensional echocardiography have
made it possible to image the coronary artery (1-3). There-
fore , this method has been successfully applied to the di-
agnosis of coronary artery lesion s in several conditions. It
is especially useful in Kawasaki's disease in infants because
its noninvasiveness is invaluable in the early detection and
follow-up of the characteristic coronary artery lesions (3,4) .
Two-dimensional echocardiography combined with a pulsed
Doppler flowmeter has been extremely useful in analyzing
blood flow patterns within the chambers of the heart, and
noninvasive evaluation of aortocoronary bypass graft blood
flow using the Doppler technique has been described (5,6).
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systolic blood flow. Although blood flow was normally
directed from the cardiac base to the apex, it was re-
versed toward the base in the patients with a bypass
graft to the left anterior descending coronary artery. In
patients with severe aortic insufficiency, however, flow
velocity was lower during diastole than during systole
and the duration of diastolic flow was reduced, failing
to continue to the end of diastole. Flow velocitywas high
in patients with a bypass graft to the left anterior de-
scending coronary artery, aortic stenosis or hyper-
trophic cardiomyopathy. Normal subjects had an av-
erage peak flow velocity of 12.2 ± 2.7 cmls (mean ±
SD) during systole and 33.5 ± 5.1 cmls during diastole,
whereas patients with cardiovascular disease had a peak
flow of 29.6 ± 17.4 cmls during systole and 56.0 ± 26.8
cmls during diastole.
Thus, the present study has indeed opened a new and
interesting area of noninvasive analysis of coronary ar-
tery blood flow using combined two-dimensional and
Doppler echocardiography.
(JAm Coli Cardiol1987;lO:1024-31)
Moreover, there is great interest in using two-dimensional
Doppler echocardiography to perform quantitative mea-
surements of blood flow in bypass grafts and to evaluate
the effects of stress factors such as exercise or drugs on the
coronary circulation (7).
Although numerous clinical studies have been undertaken
(8), a practical methodology for the noninvasive evaluation
of coronary artery flow has not yet been established because
of the technical difficulties created by the narrow coronary
artery lumen and its constant pulsatile movement. In the
present study , combined two-dimensional and Doppler
echocardiography was applied in an attempt to detect and
quantitatively analyze blood flow in the left anterior de-
scending coronary artery, which is relatively easy to study
because of its anatomic location .
Methods
Study subjects (Table 1). The study group consisted of
20 normal subjects, 14 men and 6 women aged 30 to 60
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Table l. Clinical Features of the Study Group
*The numbers in parentheses indicate postoperative patients with an
aortocoronary bypass graft to the left anterior descending coronary artery.
years (average age 43); and 80 patients with cardiovascular
disease, 54 men and 26 women aged 25 to 82 years (average
age 56).
Doppler echocardiographic unit and flowmeter. The
apparatus used in this study is a real-time two-dimensional
echocardiographic unit incorporating a phased array and a
pulsed Doppler flowmeter (Toshiba SSH60AlSDS60A). The
ultrasound frequency is set at 3.75 MHz with pulse repetition
rates of 4 and 6 kHz. The sample volume has a teardrop
shape 2 mm wide and 2 mm deep. A cutoff frequency of
200 Hz was selected for the low cut filter to eliminate low
frequency noise. This apparatus provides a real-time two-
dimensional echocardiogram and a pulsed Doppler blood
flow signal using a single transducer. It is possible to record
the blood flow signal at any designated position on the two-
dimensional echocardiogram. A dotted line and a parallel
mark indicate the orientation of the Doppler ultrasound beam
and the position of the sample volume within the beam used
for the blood flow signal, respectively. The angle between
the Doppler ultrasound beam and the longitudinal axis of
the blood vessel can also be determined using these markers.
Frequency analysis of the reflected Doppler signal is carried
out using fast Fourier transform spectral analysis and is
displayed as a sound spectrogram that was recorded at a
paper speed of 5 cmls with simultaneous recording of the
M-mode echocardiogram, the electrocardiogram and the
phonocardiogram.
Coronary flow velocity measurements. In addition.
blood flow measurement in the left anterior descending coro-
Normal subjects
Patients with cardiovascular disease
Valvular heart disease
Mitral stenosis
Mitral insufficiency
Mixed mitral stenosis and insufficiency
Aortic stenosis
Aortic insufficiency
Mixed aortic stenosis and insufficiency
Combined valvular heart disease
Ischemic heart disease
Acute myocardial infarction
Prior myocardial infarction
Angina pectoris
Cardiomyopathy
Hypertrophic cardiomyopathy
Dilated cardiomyopathy
Hypertension
Pleuropericarditis
Right ventricular dysplasia
No. of
Patients
20
80
34
7
6
5
3
4
6
3
26
12 (3)*
4 (3)*
10 (8)*
15
7
8
3
I
I
nary artery was carried out intraoperatively using a 20 MHz
multigated pulsed Doppler flowmeter (Fujitsu MEl lOA).
The pulse repetition rate was 50 kHz and the sample volume
was I x I x 0.3 mm. Using this apparatus, real-time
velocity measurements at multisample points can be per-
formed by a multigate zero cross method permitting real-
time observation of the flow velocity profile down to a depth
of 15 mm. It is also possible to perform frequency analysis
of the Doppler signal at one of the desired sample points
using the fast Fourier transform spectral method and to
display the result as a sound spectrogram. In this study, the
sample volume was set at the center of the coronary artery
at the point of maximal flow velocity. The records obtained
by two-dimensional Doppler echocardiography and those
displayed as a sound spectrogram by the fast Fourier trans-
form method were compared. The electrocardiogram was
recorded simultaneously.
Recording and measurement procedures. The ultra-
sound beam was transmitted toward the heart from the left
precordium through the third. fourth and fifth intercostal
spaces while the patient was in the left lateral decubitus
position. First, the left ventricle was imaged in long-axis
echocardiographic sections at these levels and then the beam
was inclined laterally to identify the anterior interventricular
sulcus. Next, the area of the anterior interventricular sulcus
was carefully searched for the coronary artery under Doppler
monitoring until a tubular structure, about 2 mm in diameter
for the left anterior descending coronary artery, containing
characteristic Doppler flow signals, was detected (Fig. I,
top). Its shape and position were then confirmed by the
short-axis echocardiographic section (Fig. I, bottom). After
this procedure, evaluation of the intravascular blood flow
signal was undertaken using the Doppler method. The long-
axis echocardiographic sections were carefully adjusted so
that the sampling volume was located within the vessel
lumen for as much of the cardiac cycle as possible. The
Doppler signal and the two-dimensional echocardiogram
were then recorded. Blood flow velocity was calculated by
taking into consideration the angle between the Doppler
beam and the longitudinal axis of the blood vessel as de-
termined by the two-dimensional echocardiogram.
In the patients with a bypass graft to the left anterior
descending coronary artery, graft flow measurements were
also attempted. The ultrasound beam was transmitted toward
the heart from the left precordium through the third and
fourth intercostal spaces to detect the bypass graft, as pre-
viously reported (7). First. the ascending aorta was imaged
in the long- and short-axis planes at these levels; then the
anterior area of the right ventricular outflow tract and the
anterior interventricular sulcus were carefully examined for
the bypass graft to the left anterior descending coronary
artery under Doppler monitoring. Recording of the intra-
vascular blood flow signal was made when a tubular struc-
ture 3 to 5 mm in diameter containing characteristic flow
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anterior interventricular sulcus in 7 (35%) of the 20 normal
subjects and in 40 (50%) of the 80 patients with cardio-
vascular disease. The artery was most easily detected in
patients with a high blood flow velocity, such as those with
hypertrophic cardiomyopathy or a bypass graft to the left
anterior descending coronary artery. Blood flow was de-
tected at the midportion of the coronary artery by monitoring
the two-dimensional echocardiogram; the coronary artery
was 2.5 to 4 em from the anterior chest wall. The incident
angle between the Doppler beam and the longitudinal axis
of the coronary artery determined by the two-dimensional
echocardiogram was 30° to 70° (mean ± SO 55° ± 8°).
Blood flow patterns in the left anterior descending
coronary artery. The blood flow pattern obtained was gen-
erally biphasic with both systolic and diastolic phases. It
demonstrated the characteristic pattern of slow flow during
systole and fast flow during diastole. The blood flow pattern
of a 52 year old man with pleuropericarditis and presumably
normal coronary circulation is shown in Figure 2. Blood
flow velocity at the time of the first heart sound decreased
and then showed a monophasic peak in early systole, sub-
sequently falling rapidly at the time of second heart sound.
After the second heart sound, blood flow abruptly increased
and then gradually decreased after a maximal peak was
reached in early diastole. A small peak was also seen in the
atrial contraction phase of late diastole. Then, at the time
of the first heart sound of the next cardiac cycle, blood flow
velocity rapidly fell again. The small peak in late diastole
was not clearly seen in all cases.
A similar blood flow pattern was found in all normal
subjects and in most of the patients with the cardiovascular
diseases previously listed. However, changes in the blood
flow pattern reflecting the hemodynamics of the coronary
circulation were detected in the patients with a bypass graft
to the left anterior descending coronary artery, severe aortic
valve disease and hypertrophic cardiomyopathy. Blood flow
is usually directed from the cardiac base to the cardiac apex
except in patients with a bypass graft to the left anterior
descending coronary artery. Blood flow was only recorded
during diastole because of the synchronous movement of
the coronary artery with cardiac pulsations in 2 of the 7
normal subjects and 14 of the 40 patients with cardiovascular
diseases.
To verify that the signals did indeed represent the left
coronary artery flow. a contrast echo study was made with
the selective injection of saline solution into the left coronary
artery (Fig. 3). Blood flow velocity rapidly increased im-
mediately after the selective injection, probably because of
the high injection pressure of the saline solution associated
with an enhancement of Doppler output caused by the strong
ultrasound reflection exhibited by the injected microbubbles.
Coronary angiography was carried out in 63 patients
with cardiovascular disease. Significant coronary artery le-
sions were detected only in the patients with ischemic heart
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Figure 1. Identification of the left anterior descending coronary
artery. Left upper panel, Diagram illustrating the transducer po-
sition and the direction of the ultrasound beam for the long-axis
echocardiographic section of the left ventricle to identify the left
anterior descending (LAD) coronary artery. Right upper panel,
A tubular structure about 2 mm in diameter is imaged in the
interventricular sulcus in the long-axis echocardiographic section
of the left ventricle (LV) (white arrow). Left lower panel, Dia-
gram illustrating the transducer position for the short-axis echo-
cardiographic section of the left ventricle to identify the coronary
artery. Right lower panel, This is a part of the short-axis echo-
cardiographic section emphasizing the cross section of the tubular
structure (white arrow) positioned in the anterior interventricular
sulcus. Ao = aorta; IVS = interventricular septum; PA = pul-
monary artery; RCA = right coronary artery; RV = right ven-
tricle,
signals, which was identified as the bypass graft, was ob-
served on the echocardiogram.
Intraoperative measurement of coronary blood flow ve-
locity was carried out in two patients with aortic stenosis
and mixed stenosis and insufficiency. During cardiac sur-
gery, the 20 MHz multigated pulsed Doppler flowmeter
probe was manually placed in contact with the midportion
of the left anterior descending coronary artery under direct
vision and blood flow was measured. In this procedure the
angle between the Doppler beam and the coronary artery
was set at 60°.
Results
Identification of the left anterior descending coronary
artery. A tubular structure 2 mm in diameter containing a
characteristic blood flow signal, which was identified as the
left anterior descending coronary artery, was detected in the
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Figure 2. Doppler flow signal in the left anterior de-
scending coronary artery. Left upper panel, The long-
axis echocardiographic section of the left ventricle (LV).
The left anterior descending (LAD) coronary artery is
imaged in the anterior interventricular sulcus. The dot-
ted vertical line shows the Doppler ultrasound beam
and the parallel mark shown by the large white arrow
is the position of the sample volume (SV). Right upper
panel, Part of the short-axis section emphasizing the
cross section of the left anterior descending coronary
artery (white arrow). Lower panel, The Doppler flow
signal recorded by the sample volume (SV) shown in
the upper left panel reveals blood flow in the direction
from the base toward the apex of the heart. This blood
flow pattern is characterized by biphasic flow. con-
sisting of systolic and diastolic phases with higher ve-
locity in diastole than in systole. The peak velocity is
observed in early diastole. ECG = electrocardiogram:
PCG = phonocardiogram: other abbreviations as in
Figure I.
disease. Blood flow in patients with significant stenotic le-
sions in the left anterior descending coronary artery could
not be detected using this Doppler technique, except in
patients who had a bypass graft to this artery.
Comparison of the coronary flow pattern obtained by
two-dimensional Doppler echocardiography before sur-
gery with that recorded during surgery (Fig. 4). The
coronary flow pattern of the midportion of the left anterior
descending coronary artery, obtained under direct vision
during surgery in a 62 year old man with left ventricular
hypertrophy secondary to aortic stenosis, shows a narrower
band spectrum than the preoperative tracing because of the
smaller sample volume. However, both flow patterns are
quite similar in their characteristics,
Blood flow patterns in patients with a bypass graft to
the left anterior descending coronary artery (Fig. 5).
Blood flow measurements in these patients were performed
at a position between the stenotic lesion and the anastomotic
site of the bypass graft. Bypass surgery to the left anterior
descending coronary artery had been performed in these
patients because of a severe stenotic lesion in the proximal
portion of this artery. The blood flow pattern at this position
generally exhibited the same characteristic patterns as those
seen in the bypass graft, as has been reported elsewhere
'~"'~ -...... ""-,~'\::. . "- ~fif'l~~ I ," : ~ t · ,.. , ,', ··iI.' .
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Figure 3. Contrast echo study made
by selective injection of saline into the
left coronary artery. Blood flow ve-
locity rapidly increased immediately
after the selective injection (white ar-
row) and enhancement of Doppler
output was observed. Abbreviations as
in Figures I and 2.
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Figure 4. Comparison of the coronary flow
pattern obtained using the noninvasive Dop-
pler method with that obtained using the 20
MHz multigated Doppler flowmeter during
surgery in a patient with aortic stenosis. Up-
per panel, Flow pattern recorded by the non-
invasive Doppler method. Flow velocity is
very high in diastole. Lower panel, Flow
pattern recorded during surgery; it is very
similar to that obtained with the noninvasive
Doppler method. Abbreviations as in Figures
I and 2.
• (tl'll·lUi:
o
12KHz
-50Cm/Sec
~
... .. ..
'-- ~~
-...." ---.r ""--J
Flow pattern of LAD recorded by Doppler method during surgery
(Fig. 5). However, the blood flow velocity within the native
coronary artery was substantially faster than and its velocity
variation through the cardiac cycle larger than that in the
graft. The blood flow was determined to be directed toward
the cardiac base, opposite to the flow direction in the graft.
A remarkable spikelike blood flow pattern with high velocity
flow toward the apex was detected in early systole in all
patients in whom systolic flow was recorded. This flow was
considered to be that passing through the stenotic portion
of the artery. Postoperative left coronary angiography also
demonstrated that anterograde high velocity flow passing
through the stenotic portion of the left anterior descending
coronary artery was detected only in early systole. This to
and fro blood flow pattern between the stenotic portion and
the anastomotic site of the bypass graft was clearly observed
by the Doppler method.
Blood flow patterns in severe aortic insufficiency (Fig.
6). The blood flow pattern in a 35 year old man with grade
IV aortic regurgitation (Seller's classification) was con-
firmed by aortography. Aortic pressure was 160120 mm Hg
with diastolic pressure substantially reduced. In the coronary
blood flow pattern obtained by the Doppler method, faster
sv. . - - - " -_. ' . .
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Figure S. The coronary artery and by-
pass graft flow patterns in a patient
with a bypass graft to the left anterior
descending coronary artery. Upper
panel, Doppler flow pattern of the left
anterior descending coronary artery
recorded at a position between the ste-
notic lesion and the anastomotic site
of the bypass graft. The flow velocity
is high and its direction is toward the
base from the apex of the heart. Dur-
ing early systole, anterograde high ve-
locityspikelike flow is observed (large
white arrow). Lower panel, Doppler
flow pattern of the bypass graft to the
left anterior descending coronary ar-
tery. The basic flow pattern is similar
to that of the native coronary artery
but flow velocity is low. Abbrevia-
tions as in Figures I and 2.
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Figure 6. The coronary flow pattern
in a patient with severe aortic insuf-
ficiency. Faster systolic flow is asso-
ciated with slower diastolic flow; the
duration of diastolic flow is reduced
and, therefore, does not last to end-
diastole. Reversed flow in diastole is
artifactual. Abbreviations as in Fig-
ures I and 2.
systolic flow was associated with slower diastolic flow and
the duration of diastolic flow was reduced, not lasting to
end-diastole. As a result, blood flow was greatly reduced
during diastole with a concomitant reduction in diastolic
pressure.
Blood flow patterns in hypertrophic cardiomyopathy
and aortic stenosis (Fig. 4 and 7). At coronary angiog-
raphy in a 55 year old man with hypertrophic cardio-
myopathy (Fig. 7), the coronary artery appeared to be wide
and well developed, blood flow velocity seemed to be high
and no significant stenotic lesions were detected. The coro-
nary blood flow patterns obtained using the Doppler method
demonstrated high velocity throughout diastole, and the shape
of the flow pattern was rectangular. In the patient with aortic
valve stenosis and left ventricular hypertrophy (Fig. 4), high
blood flow velocity was maintained until nearly the end of
diastole.
Blood flow velocity in the left anterior descending
coronary artery (Fig. 8). The mean maximal flow velocity
in the left anterior descending coronary artery during systole
and diastole in normal subjects was 12.2 ± 2.7 (mean ±
SD) and 33.5 ± 5.1 cm/s, respectively (Fig. 8, left); in the
subjects with cardiovascular disease it was 29.6 ± 17.4
and 56.0 ± 26.8 cm/s, respectively (Fig. 8, right). High
flow velocities during diastole were detected in the patients
with aortic stenosis, hypertrophic cardiomyopathy or a by-
pass graft to the left anterior descending coronary artery.
Figure 7. The coronary flow pattern
in a patient with hypertrophic cardio-
myopathy. Diastolic flow velocity is
greatly accelerated and this high ve-
locity is sustained into late diastole,
so that the shape of the diastolic flow
pattern appears to be rectangular. Ab-
breviations as in Figures I and 2.
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Discussion
Measurement of coronary artery blood flow using the
Doppler method. The left main coronary artery and the
proximal portion of the right coronary artery have been
clearly visualized using sophisticated two-dimensional
echocardiographic techniques (1-3). Nevertheless, nonin-
vasive measurement of coronary blood flow in these regions
using the Doppler method is technically difficult because
the coronary artery lumen is quite narrow. about 2 mm in
diameter, and the coronary artery undergoes constant pul-
satile movement. Blood flow velocity in the coronary artery
is slower than that in the larger arteries, and the proximal
portion of the coronary artery lies so far posterior in relation
to the chest wall that it is difficult to obtain adequate Doppler
signals.
The present study has demonstrated that it is possible to
measure blood flow in the midportion of the left anterior
descending coronary artery using two-dimensional Doppler
echocardiography by way of the left precordial approach.
The success rate obtained by this method can be attributed
to several factors: I) The sample volume necessary for the
Doppler method can be adequately maintained throughout
the cardiac cycle despite the movement of the coronary
artery caused by cardiac pulsations. 2) The incident angle
of the Doppler beam on the midportion of the left anterior
descending coronary artery can be set more acutely in the
-50Cm/Sec
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Figure 8. Peak flow velocity in the left anteriordescending coro-
nary artery in normal subjects and patients with cardiovascular
disease. Left panel, Peak flow velocity in normal subjects during
systole (left side) and diastole (right side). Right panel, Peak
flow velocity in patients withcardiovascular disease duringsystole
(left side) anddiastole (right side). Diastolic peakvelocity is high
in patients withaortic stenosis (AS), hypertrophic cardiomyopathy
(HeM) and a bypass graft to the left anteriordescending (LAD)
coronary artery.
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appropriate orientation using two-dimensional echocardi-
ography than in the flow measurements of the proximal
portions of the right and left coronary arteries. 3) The lo-
cation of the midportion of the left anterior descending coro-
nary artery is relatively superficial and near the anterior chest
wall and, therefore, adequate Doppler signals can be ob-
tained even using the high resolution, high frequency (3.75
MHz) probe. Despite these advantages, the mean Doppler
incident angle was as large as 55°. This seems to be a
limiting factor in the precise calculation of maximal systolic
and diastolic flow velocities.
Blood flow patterns in the left anterior descending
coronary artery. Numerous studies have dealt with the
measurement of coronary blood flow velocity and a variety
of measurement techniques have been employed. The ul-
trasound pulsed Doppler method (9, 10), the hot film ane-
mometer system (II), the laser Doppler method (12,13) and
the multigated pulsed Doppler method (14, IS) have all con-
tributed to the analysis of the hemodynamics of the coronary
circulation in both animal experiments and clinical settings.
However, these studies are all invasive. The flow pattern
of the left coronary artery, which these methods have clar-
ified, is basically a biphasic flow with a systolic and a
diastolic component, of which the latter is predominant.
Thus, the hemodynamic behavior of the coronary artery
a ! ISystole Diastole
Normal Subjects
Systole Diastole
Cardiovascular Disease
circulation is entirely different from that of the other organs,
in which the systolic component is predominant. The blood
flow pattern of the coronary artery shows a maximal peak
in early diastole and additional peaks in late diastole and
early systole. Flow velocity increases rapidly in early di-
astole because the external pressure on the coronary artery
produced by myocardial contraction decreases rapidly in this
period (12). It is postulated (16) that the small peak seen
in early systole reflects the changes in compliance of the
extramyocardial and intramyocardial coronary artery on the
pericardial side. The small peak flow in late diastole is labile
and its precise mechanism has not yet been satisfactorily
explained, but a relation to atrial contraction has been pos-
tulated (12).
The characteristics of the coronary flow patterns in the
clinical situations presented in this study show good agree-
ment with previously reported results. Additionally, the
coronary flow patterns obtained using this method were
identical to the patterns obtained intraoperatively in the same
patient. Furthermore, coronary angiographic findings in a
patient with a bypass graft to the left anterior descending
coronary artery corresponded well to the flow patterns
obtained using this two-dimensional Doppler echocardio-
graphic method. Thus, under physiologic conditions the
noninvasive method described here may be acceptable for
the detection and evaluation of left anterior descending coro-
nary artery flow. It has been reported that when a severe
stenotic lesion occurs in the coronary artery, diastolic flow
rates and the dominance of diastolic flow decrease whereas
systolic flow rates increase (15). In this study, coronary
blood flow distal to a severe stenotic lesion could not be
detected except in patients with a bypass graft to the left
anterior descending coronary artery. However, anterograde
high velocity spikelike flow was detected in early systole
in patients with a bypass graft, and this flow was considered
to be characteristic of stenotic flow in the coronary circu-
lation.
Among the patients with cardiovascular disease in this
study, diastolic flow velocity in the coronary artery was
accelerated in patients with hypertrophic cardiomyopathy,
aortic stenosis and a bypass graft to the left anterior de-
scending coronary artery. The first two conditions are as-
sociated with left ventricular hypertrophy. In the patients
with hypertrophic cardiomyopathy a characteristic rectan-
gular pattern of diastolic flow was observed. In patients with
a bypass graft to the left anterior descending coronary artery,
although flow velocity was accelerated in early diastole, it
decreased rapidly toward end-diastole. It has been reported
(13) that when coronary flow velocity increases greatly in
reactive hyperemia, this accelerated flow velocity is sus-
tained throughout diastole and the diastolic flow pattern
appears mountainous or rectangular. It has also been pos-
tulated that the increased oxygen demand of hypertrophic
myocardium, as seen in cases of hypertrophic cardio-
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myopathy and aortic stenosis, is reflected in a characteristic
flow pattern in the coronary artery. In all of our patients
with a bypass graft to the left anterior descending coronary
artery, saphenous veins were used as the graft vessels and
graft diameters were found to be 4 to 5 mm on angiography.
As is clearly confirmed by angiography, the difference be-
tween toe diametersof the bypass graft and the left anterior
descending coronary artery is considerable. Therefore, the
characteristically high flow velocity pattern seen in patients
witha veinbypassgraftmightresultfromthe largerdiameter
of the graft when compared with that of the native coronary
artery,
Clinical significance andprospects. Although a variety
of noninvasive methods have been developed, it is still
necessary to resort to invasivemethodsto evaluatecoronary
artery flow, Our study, however, has demonstrated that it
is possibleto detect and evaluate coronary artery blood flow
noninvasively under physiologic conditions and abnormal
hemodynamic situations. In the future the combined two-
dimensional and Doppler echocardiographic method, with
reliably high resolution, may playa key role in the non-
invasive analysis of hemodynamics in the coronary circu-
lation in a variety of diseases and provide a reliable means
to examine the effects of various clinical interventions.
However, the portions of the coronary artery system ac-
cessible to examination by this method are limited, and
evidence of the ability of the technique to detect the left
anterior descending coronary artery is preliminary and ex-
perimental. Further research, particularly directed toward
improving the equipment, will be requiredbefore combined
two-dimensional and Doppler echocardiography becomes a
clinical1y viablemethodfor evaluatingcoronaryarteryblood
flow.
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